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Abstract 
Thermocline storage may be, today, the cheapest way to store solar thermal energy at high temperatures. Several estimations lead 
to a potential cost reduction of 35% compared to a two tank configuration while retaining a good efficiency. Thermocline tanks, 
in packed bed configurations, are mostly designed using filler materials to reduce the required amount of the expensive molten 
salt. The main problem of this technology is the thermal ratcheting which can lead to dramatic structural failure of the tank. One 
solution could be to use a structured bed configuration. With this goal, and as a part of the OPTS Project (OPtimization of a 
Thermal energy Storage system with integrated Steam Generator), after preliminary investigations driven by the necessity to 
have a low manufacturing cost, a brick design, made of industrial wastes, is proposed allowing both good thermal and 
mechanical properties. The implementation of the tank with the filler material of this geometry does not require a specific know-
how other than building a classic wall. In order to study the behavior of the thermocline in this structured configuration, a 
numerical model is developed. A parametrical study was performed and the results are presented and discussed in this paper. The 
influences of the geometrical ratio of our ‘pattern’, of the physicals properties of the storage material and of the flow rate of the 
solar salt inside the tank are characterized. The aim is to study the theoretical feasibility of a direct high temperature structured 
thermocline tank for concentrated solar power, using cheap filler materials. 
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1. Introduction 
Thermal Energy Storage (TES) systems greatly improve Concentrated Solar Power (CSP) plants by mitigating 
the intermittent character of solar energy and facilitating an improved control of thermal energy [1]. Thus, the plant 
can operate much more flexibly, with an increased lifetime. TES systems successfully help plants dispatching the 
electric generation to meet the utility peak loads during the summer afternoons and winter evenings, when the 
electricity value is the highest. The cost-effectiveness of a CSP plant is improved as it has a higher capacity factor 
(enables the operation of the power block for a larger fraction of the day which results in a reduced payback period) 
and it requires a lower initial investment for the power block (the turbine does not need a larger capacity in order to 
use the daily peak of the thermal energy generated). The improved economic value of the TES concepts can be 
assessed by a Levelized Electricity Cost (LEC) calculation [1]. 
The thermocline TES system has been shown to be an important candidate for the storage system of the future 
generations of CSP plants [2] and major additional research efforts have been dedicated to it in recent times. The 
thermocline system is progressively becoming an important research topic, since it is widely acknowledged as a 
potential direction for the cost reduction of the CSP plants and therefore the improvement of their marketability [3]. 
Thermocline storage is the term attributed to the storage systems based on the single-tank configuration, in which, in 
order to avoid any natural convection, the hottest fluid fraction is confined above the coolest one. The relatively thin 
layer that separates the two temperature differentiated volumes of the heat storage material is called thermocline due 
to its steep temperature gradient in the vertical direction. 
An overall idea of the potential cost reduction can be highlighted by combining the facts that the conventional 
two-tank molten salt storage system [4] accounts for approximately 10-20% of the total investment of a CSP plant 
and that the thermocline TES is estimated to cost approximately 35% less [5].The expected cost reduction is 
achieved from the advantage of building and maintaining only one storage tank, which is marginally larger than 
each of those used in the two-tank configuration [6] and through the drastic reduction in the quantity of storage 
medium required (molten salts or thermal oil), by substituting a large fraction of it with low-cost filler materials. 
The Electrical Power Research Institute (EPRI) reports that for a 1000 MWhth TES system (the size of the so-
called ANDASOL commercial CSP plant), the volume of a thermocline tank would be 20 600 m3 whereas in the 
two-tank configuration such thermal capacity is achieved with two tanks of 16 300 m3 each [7]. In addition, the 
associated molten salt amount are 9 500 tons for the thermocline STES and 34 200 tons for the two-tank STES. 
Therefore, the selection of the thermocline system could result in a significant reduction in the cost side of the TES 
system while remaining capable of delivering thermal energy at constant temperature during most of its discharge 
phase. 
Significant technological attempts have been made to develop this kind of storage; however the corresponding 
models are not without flaws. From the original configuration, fluid filled tanks [8], to the innovative packed bed 
tanks [9] comes the next stage in sophistication: the structured bed thermocline tank. The structured bed is seen to be 
an important cornerstone in reducing the cost of construction, in a similar light to the packed bed tanks, by limiting 
the quantity of fluid required, and, most of all, by avoiding the risk of thermal ratcheting [10], [11], which can lead 
to dramatic structural failure of the tank, hence reducing large maintenance expenditures.  
Furthermore, the idea was to design the structure with a view to making it out of bricks composed of recycled 
industrial waste. The environmental benefits would be greatly and the materials costs would be reduced as well as 
the material costs. Emerson and al. [12] propose a structured thermocline storage integrating simple rectangular 
bricks made of a mixture of concrete and fly ash. Some of these mixtures were found to be compatible with molten 
solar salt up to 585°C. Thermo physical and thermo mechanical properties were obtained and the residual 
compressive and tensile strengths were shown to be high enough to ensure mechanical stability under their own 
weight. These mixtures are potentially suitable for structured thermocline storage. As a major advance towards such 
a sustainable TES, recent achievements have been done in the production of 100% recycled ceramics from industrial 
wastes[13], [14], [15]. Those refractory ceramics elaborated by melting and subsequent crystallization of asbestos 
containing wastes or municipal solid waste incinerator fly ash, coal fly ash, steel slags, present good compatibility 
with nitrate molten salts [16] and high thermo mechanical strength. 
The aim of this article is to present, based on previous studies [17], a numerical model to be used in the 
investigation in the feasibility of building a structure from a simple brick made of a ceramic derived from asbestos 
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containing waste (Cofalit [15]) that requires no extra know-how to put together than that of building an average 
brick wall. The considered transfer fluid is the well known nitrate mixture solar salt [18]. The next step will be the 
optimization of such a structured bed thermocline storage tank regarding the operating conditions specified in the 
OPTS project. 
2. Description of the system and general considerations 
The reasons for designing a structured bed thermocline tank are, mainly two; the first one, is the reduction of the 
overall cost of the tank and the second one, the eradication of thermal racheting, both while maintaining a good 
efficiency [19]. From this, an array of designs is possible, but the main idea remains the same: to build a heat storage 
medium based on a simple brick that can be easily piled up in a fashion almost identical to laying a standard brick 
wall, requiring no special know-how or extra acquired skills. Throughout these simple bricks, a number of channels 
are needed through which the molten salt will flow (light patches in Fig. 1). Regarding the developed techniques of 
intensification of flowing thermal transfers, one conclusion can be done regarding the low flow rate operating 
conditions of a thermocline storage tank. The creation of obstacles in the fluid channels, in order to increase the 
turbulence of the flow [20], [21], [22], [23] are efficient only for Re>100 and in the OPTS project, the Reynolds 
number is much lower. We thus decided to optimize the thermal transfer regarding the Biot number and the drop 
pressures at the same time. 
This article shows an example of such a brick, that is illustrated in Fig. 1. There are many designs to be imagined, 
all with varying efficiency and cost of production. Each design in turn has various geometrical parameters that may 
influence the efficiency of the overall tank. The brick is designed to be built from molded Cofalit and harbors  an L-
shaped cavity as depicted in Fig. 1. This geometry is parameterized by its Aspect Ratio (AR), explained in more 
detail below. 
In order to establish the validity of building a structured thermocline tank from such bricks, we must first address 
some fundamental physical and logistical considerations. Firstly, in order to assess a rough level of cost reduction, a 
constant porosity, defined by the total fluid volume divided by the total volume of the system, was adopted. A value 
of 25 % was chosen as Xu et al showed that, for a packed bed storage configuration, from 21 %, the porosity had no 
effect on the overall performances of the thermal storage [24]. This value was adopted in order to keep some 
security regarding the value proposed by Xu. Secondly, a constant mass of filler material was set over all the tested 
configurations to give significance to the study, and the tank proportions were not fixed in order to explore several 
geometrical configurations keeping in mind that increasing the height of the tank will lead to a slightly thinner 
thermocline, proportionally [25]. In the present article, these values are arbitrarily chosen as the physical fortitude of 
the model arises merely from the relative variations between models. The internal mechanical constraints will be 
studied in a future work. 
3. Mathematical model and interpretation 
3.1 Model 
The simulation is performed using finite elements, throughout a vertical cut along the length of the brick through 
its centre (see Fig. 1) giving rise to the new 2 dimensional, isolated from the surroundings problem. At the edges of 
the canal in the third dimension (depth of the brick), the thermodynamic equations remain the same except for extra 
terms relating to the exchange of heat towards the outer rim of the brick, which is similar throughout the canal. 
However, the extrapolation of this study to 3 dimensions is only valid if the width of the rim along the brick is kept 
significantly smaller than the other dimensions in the solid so that the heat exchange towards the rim is kept 
negligible compared to that towards the centre of the brick. With this in mind, a simulation tool was developed. 
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Figure 1: Vertical cut (left) ; 2 x 4  bricks structure (fluid is represented in light grey); Description of geometric parameters 
The calculations are performed by a finite element solver coupled with a laboratory made simulation aid software 
allowing a great flexibility in the variation of the system parameters. The basic model is built from the previously 
mentioned brick and represents a variable number of brick layers and columns. 
The parameters of the geometry are named a,b,c,d and pad as illustrated in Fig. 1. The AR is arbitrarily defined 
from our model conception as AR=a/c. Its represents the ratio between the height and the width of the geometry. 
Other parameters include all the usual physical variables: flow rate of the fluid, heat capacities, densities, heat 
conductivities, fluid input temperature and initial tank temperature. From these parameters, we may assess the 
output temperature, the power output and the thermocline height, all as a function of time. 
The mathematical models used to simulate these outputs are the incompressible Navier-Stokes (N-S) equations 
for fluid-dynamics: 
ߩଵ ቀడ௨డ௧ ൅ ݑǤ ߘݑቁ ൌ െߘ݌ ൅ ߘǤ ܶ ൅ ݂ (1) 
and the general heat transfer equation in the solid: 
ߩଵܥ݌ଵ డ భ்డ௧ ൅ ߘǤ ሺെ݇ߘ ଵܶሻ ൌ Ͳ (2) 
and in the fluid:  
ߩଶܥ݌ଶ డ మ்డ௧ ൅ ߘǤ ሺെ݇ߘ ଶܶሻ ൌ െߩଶܥ݌ଶݑߘ ଶܶ (3) 
Boundary conditions are taken to be adiabatic, except for the fluid input and output which are set as an imposed 
temperature and a convective flux, respectively. The solid-fluid interfaces are taken to be no-slip for Navier-Stokes 
and thermodynamically continuous, i.e.: 
݊ଵǤ ሺെ݇ߘ ଵܶሻ ൌ ݊ଶǤ ሺെ݇ߘ ଶܶ ൅ ߩଶܥ݌ଶݑ ଶܶሻ (4) 
Here, n represents the spatial vector, u  the fluid velocity, T the temperature, k the heat conductivity, Cp the heat 
capacity and ρ the density. The subscripts 1 or 2 represents the solid or fluid, respectively. 
In this paper, the temperatures are presented in a “dimensionless” form, defined by the following equation where 
Tmin is the initial discharge temperature and Tmax is the charged temperature of the storage unit. 
ௗܶ௜௠௘௡௦௜௢௡௟௘௦௦ ൌ ்ି்௠௜௡்௠௔௫ି்௠௜௡  (5) 
The analysis of the physical significance, and a comparison with expected behaviors from previous studies in the 
literature, will help us to assess the physical robustness of our model. In order to facilitate an accurate interpretation 
of the results, several useful criteria were established. 
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3.2 Useful outlet time and thermocline thickness 
The useful outlet salt delivery time is an important parameter as it provides information on the output power and 
energy for the considered thermal storage unit. It is defined (Fig. 2) as the time during which the outlet temperature 
of the molten salt is higher than the lowest temperature allowed by the power block (cut-off temperature) in a 
discharge step and lower than the highest temperature allowed by the solar field during a storage phase, as set 
previously by Flueckiger and Garimella [24], [26]. The maximum and minimum allowed temperatures have been set 
to be respectively the hot and cold temperatures of the considered process minus or plus 20 %, respectively. As the 
speed flow rate is set as a constant, this time parameter is directly proportional to the output power and energy of the 
thermal storage unit.  
Figure 2: Illustration of the defined useful criterions on the output molten salt temperature as a function of time for an arbitrary case ; Illustration 
of the thermal repartition during a charge process and illustration of the solid cut line and the streamline. 
The thermocline thickness is presented here as a time and may be multiplied by the constant velocity in order to 
obtained the corresponding length. In a thermocline storage unit, the overall efficiency of the system is a function of 
the effective thermocline thickness (Fig.2), defined here in a similar way as Xu and al [25], and calculated as the 
ratio of the height h where the temperature is 20 % hotter than the cold fluid and 20 % colder than the hot fluid, by 
the total tank height:  
݄௧௛௘௥௠௢௖௟௜௡௘ ൌ  ௱௛௧௔௡௞௛௘௜௚௛௧  where  ߂݄ ൌ ݄ሺ்வଵǤଶǤ்೎೚೗೏ሻ ൏ ݄ ൏ ݄ሺ்ழ଴Ǥ଼Ǥ்೓೚೟ሻ  (6) 
These 20% in temperature deviation were arbitrarily chosen, taking into account that the 5% used by Xu and al. 
(and by Yang and al.[26]) seemed to be too restrictive. The ideal case corresponds to having a very thin thermocline 
thickness, allowed by a very large horizontal heat flow relative to the vertical one. The essence of the problem is 
therefore to maximize the horizontal heat transfer. The present geometry does this by extending the time the fluid 
spends at a particular altitude. 
The thermocline thickness is parameterized by the geometry but also by the physical constants. The present 
model must therefore be proven to adequately model their variation as well. For the sake of brevity, only the cut 
through the solid (Fig.2), the temperature of the output fluid as a function of time and the thermocline height, 
hthermocline, will be assessed to check adherence to the laws of physics. 
3.3 Thermocline centering and Biot number 
Thermocline centering (Fig. 2), is a criterion defined in order to get a better interpretation of the results. It is set 
as the time, upon a full load cycle (i.e. the needed time for the output to reach the charge or discharge temperatures), 
at which the output temperature of the solar salt reaches the mean temperature value of the charge or discharge 
940   F. Motte et al. /  Energy Procedia  49 ( 2014 )  935 – 944 
processes. Generally speaking, this temperature should be reached, in an ideal case, at half time of the process (all 
the heat of the fluid is efficiently transferred to the stock material without any thermal diffusion). This criterion 
gives some information linkable to the Biot number, which, with a value lower than unity indicates that the 
limitations in convection transfers are predominant (resulting in a more centered thermocline). Conversely, a high 
Biot number means that the limitations in conduction transfers are the most important. In that case, the fluid heat 
isn't fully transferred to the storage, due to a weak thermal conductivity of the filler material. The result is an 
increase of the thermocline thickness during charge or discharge processes. The interpretation of this parameter is 
that the more symmetrical the thermocline profile the lower the Biot number,  and the higher the efficiency of the 
storage, independently of any output power considerations. 
3.4 Aspect ratio, solid cut line and streamline 
The Fig.3 shows, at different times (in seconds), the temperature along the central vertical line that cuts the brick 
stack down through the solid material between the cavities (solid cut line in Fig.2). These results were obtained with 
different aspects ratio, from 0.5 to 6. Both studies were conducted during a charging phase (a height of zero 
corresponds to the inlet located at the top of the tank), with an initial temperature of 673 K,an inlet fluid temperature 
of 873 K and a fluid velocity of 1e-3 m.s-1. 
Figure 3: Temperature along the distance from the top of the brick structure of aspect ratio 0.5 (left); 6 (right) 
On both these figures, but more prominently for the case of aspect ratio equal to 0.5, one may note an oscillation 
in the temperature profiles. This effect is due to the oscillations of thickness of the solid along the vertical cut line. 
This can be seen in Fig. 2 which depicts a surface plot of temperature where the squares highlight the less prone to 
heating areas. As shown in the aforementioned figure, for larger times of cut, these oscillations become more and 
more suppressed as the temperature gradients decrease. The existence of these colder areas, responsible for thermal 
diffusion, represents the main disadvantage in the proposed geometry. However, it must be noted that, as expected 
for greater aspect ratios, these oscillations almost disappear. Thus for very high aspect ratios, this flaw is negligible 
and the heat is dissipated into the storage material more uniformly. 
The model can be further assessed by looking at the temperature along a streamline of the fluid (Fig. 2). The 
temperature profiles, during a charging phase, of the central streamline at various times (in seconds) for a system of 
aspect ratio 0.5 and 6 respectively are presented in Fig. 4. The velocity was set to 1e-3 m.s-1. 
Figure 4: Temperature along streamline at 5 time cuts (in seconds) for an aspect ratio of (left) 0,5 ; (right) 6  
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It can be seen on that figure that in every case, the temperature profile levels off periodically, as at every layer of 
bricks, the fluid’s direction of flow briefly becomes horizontal. As the overall temperature in the solid is increased, 
the local gradients decrease throughout the solid (see the cut at t = 11 270s).  
To confirm this assumption, as the aspect ratio increases, these plateaus become more significant due to the fact 
that in a brick with a high aspect ratio, the horizontal path along which the fluid must travel is longer, and, due to the 
decreased height, the patch of solid above this segment is significantly hotter than for higher aspects ratios. As a 
good thermocline behavior presents both low radial and high axial thermal resistances and low thermal diffusion, 
regarding these results, one should come to a compromise. 
4. Numerical validation of the model 
To assess the physical robustness of the model, all parameters are varied one by one over a charging cycle. The 
chosen system for this variation is one of AR equal to 1.75 as it emphasizes well the physical phenomena of this 
geometry (AR illustrated Fig. 2). The other geometrical constants would have led to similar results. The reference 
materials are the Cofalit as the filler material and the Solar Salt as the fluid transfer (Table 1). The thermal 
properties have been taken as constants due to the minimal effect of the overall temperature gradient. The default 
input and initial temperatures of the system are taken as 873 K and 673 K respectively and the default inlet speed is 
set to 5.10-4m.s-1. 
Table 1: Cofalit [15] and Solar salt properties [18] 
Material k (W.m-1.K-1) Cp (J.kg-1.K-1) ρ (kg.m-3) 
Cofalit [15] 1,4 1 025 3 100 
Solar Salt [18] 0,59 1 575 1 900 
4.1 Temperature input 
The adimensionalized results of the variation of the temperature input, for same initial cold temperature of the 
solid showed no significant difference, as previously shown by Xu and al [25]. It should be noted that the really 
good overlapping of the obtained results is due to the temperature independence of the properties of the used 
materials. To save some space, these results are not presented in this paper. 
4.2 Inlet velocity of the fluid 
In the literature, the speed of the inlet is suspected to have a very low influence on the thermal properties of the 
tank for a packed bed configuration [25], mainly because the convective coefficient is not the limiting factor of the 
thermal heat flux transfer. This convective coefficient is relatively insignificant due to the huge heat exchange area 
(small Biot number). In a structured thermocline, with a significantly lower exchange area, the thermal behavior of 
the thermocline should be highly influenced by the fluid flow rate. Fig. 5 represents, for a charge process, the output 
temperature profile (tank bottom) as a time function, for different inlet flow rates.  
Figure 5: Output Temperature for different inlet flow rates 
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The time has been normalized by the required time for the thermocline to completely exit the tank. These results 
highlight the importance of the fluid inlet velocity in structured thermocline storage. In light of the definitions of the 
thermocline criteria previously defined (Fig.2), it can be seen that a critical value may be chosen to keep the 
thermocline steep enough while allowing a good power of the storage system. In that study case, the velocity of the 
fluid must be decreased down, at least, to 5e-3m.s-1 in order to obtain a temperature-time curve with a good 
thermocline behavior. Again, one should come to a compromise regarding the needed output power and the storage 
tank dimensions. 
4.3 Thermal conductivities, densities and heat capacities 
Attention may now be turned to variation of each physical constant of the system to get better understanding of 
the thermocline behavior. The first studied parameter is the heat conduction in the solid with ksolid ę [0.1 ; 10] in S.I 
units. The results are presented on Fig. 6. 
Figure 6: Output fluid profile for ksolidę [0.1 ; 0.75]; Temperature profile along solid cut line for ksolidę [0.1 ; 10] at t = 4 507s 
The temperature throughout the solid is verified to be non-uniform due to reasons already explained. For studied 
cases, the corresponding variations of the hthermocline are presented in Table 2. 
Table 2: Adimensionalized thermocline thickness and centering for different solid conductivities 
ksolid (W.m-1.K-1) 0.1 0.2 0.3 0.75 1 2.5 10 
hthermocline (dimensionless) 0.45 0.36 0.32 0.25 0.24 0.24 0.27 
Thermocline centering 0.41 0.45 0.46 0.47 0.48 0.47 0.46 
Concerning the lower tested values, the results are in opposition to a packed bed configuration: too small values 
of thermal conductivities leads to low thermal transfers responsible for non uniform temperature distribution, which 
had a bad influence on both thermal and mechanical properties. Regarding the higher values, the conclusions are this 
time identical to a packed bed configuration: high values of thermal conductivities are responsible for an increase of 
the thermocline thickness due to an increase of the thermal diffusion phenomenon. The structured thermocline 
concept thus has a limiting interval of possible values of conductivity in the solid that depends on the other physical 
and geometrical properties of the system. In the tested configurations, the Cofalit presents an adequate value of 
thermal conductivity. 
The study of the variation of k in the fluid is done much in the same manner as in the solid and the results vary in 
a similar manner to the previous case of varying ksolid. Due to the flowing condition of the fluid and to the chosen 
porosity, the phenomenon is found to be similar, but less pronounced to that observed for analogous figure for ksolid. 
The influence of the fluid’s thermal conductivity is therefore low on the overall tank performances. The solar salt 
(Table 2) is consequently well adapted for a direct structured thermocline storage use. 
Some similar conclusions have been done for the variation of the densities and heat capacities, both for fluid and 
solid phases. For all these tested parameters the Cofalit and the Solar Salt are within the adequate ranges to permit 
thermocline creation. 
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4.4 Pressure drops and 95% outflow temperature cycle efficiency  
Since the thermocline tank is intended to be part of a greater network of piping in a solar plant, it is a 
requirement that its presence is in synergy with the rest of the system. For several systems of various limiting values 
of AR and fluid speed, independently of any thermal considerations, an estimation of the drop in pressure was made 
and the most significant results are presented in Table 3. It is important to bear in mind that the model presented in 
this paper does not take into account a full size storage (a proportionality coefficient may be applied to get their 
results corresponding to a full size tank). Table 3 gives some information regarding the order of magnitude as a 
function of the fluid speed and the aspect ratio. The variation of the aspect ratio was performed with a constant 
speed of 1.10-3 m.s-1, while the variation of the speed was taken with a constant aspect ratio of 0.75. 
Table 3: Pressure drops obtained using the developed numerical model for limiting values of AR and fluid speed. 
Study Case Modeled tank characteristics 
Pressure 
drop (hPa) 
Extrapolation to a 10 m in height 
storage (hPa) 
Aspect Ratio = 0.5 b = 1.10-2 m ; Storage height = 0.6 m 0.34 6.5 
Aspect Ratio = 6 b= 7.10-3 m ; Storage height = 0.2 m 1.33 72.8 
Speed = 2.10-3 m.s-1  b= 1.10-2 m ; Storage height = 0.5 m 1.60 36.9 
Speed = 9.10-3 m.s-1  b= 1.10-3 m ; Storage height = 0.5 m 0.69 15.9 
Speed = 8.10-5 m.s-1  b= 1.10-3 m ; Storage height = 0.5 m 0.06 1.5 
The pressure in Table 3 is measured as the pressure difference between the injection point and the exit point of 
the fluid in the storage tank. The difference between the  lowest and highest pressure drop values is rather 
substantial, corresponding respectively to the best and worst thermocline profiles obtained. These pressure drops 
have to be interpolated to full size thermal storage tanks. We can say, with a security margin, that these pressure 
drops are acceptable compared to, for example, the pressure drop due to the distributor manifold design which is 
equal, in the EPRI study (packed bed configuration), and in an optimized design to 70 hPa for a 100 MWth thermal 
storage [7]. This is an interesting point for our future work as the intensification of the thermal transfers in flowing 
channels is generally linked with an increase of the pressure drop. 
At this stage of the study, in order to get a first comparison point, we compared our results to those obtained by 
other authors in packed bed or structured thermocline configurations (we chose an allowed outlet temperature to the 
power block/solar field similar to others authors for these very calculation). For a packed bed configuration, 
Flueckiger calculated a 95% outflow temperature cycle efficiency of 0.79 (with a tank height and diameter equal to 
12 m ; a filler particle diameter equal to 5.10-2 m ; and a Reynolds number equal to 14) [24]. For a structured 
thermocline, Brown found, for the best tested configuration, a 95% outflow temperature cycle efficiency of 66% 
[19]. For our structured configuration, we found for the second line case of the table 3, a 95% outflow temperature 
cycle efficiency of 69 %, without any upstream optimization process, which justify pushing this study forward. 
5. Conclusion 
This paper presents a numerical study of the thermal behavior of an innovative structured thermocline storage. A 
specific geometry has been drawn and a numerical model has been tested under various geometrical and physical 
variations, and gives some significant results in all tested cases. The first observation that can be done is that, unlike 
the packed bed configuration, the convective transfers are lower and bring to view the necessity of improving our 
structured geometrical configuration in order to increase the total heat transfer between the molten salt and the 
structured filler material. It is hence useful to note the limiting parameters, with regards to the physical constants of 
the system and the geometrical ratios. 
However, the tested structured thermocline gives some interesting results, showing the feasibility, even with a 
low porosity, to store efficiently some heat in a structured thermocline made from industrial waste, which presents a 
real economic interest. The developed model presented in this paper will be used in a future work to optimize the 
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geometrical parameters of such structures, testing other brick designs regarding the physical properties of the 
selected storage material, the Cofalit. 
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